In Rat-9G cells several copies of the major immediate early (IE) transcription unit (regions 1 and 2) of the human cytomegalovirus (HCMV) are stably integrated. The cells show a repressed phenotype for IE expression but can be induced by inhibition of protein synthesis. In this report we present evidence that the repressed phenotype is due to the absence of IE transcription and that heat-shock and sodium arsenite treatments each result in the transcriptional activation of the repressed IE transcription unit. Either treatment resulted in the induction of HCMV IE transcripts and IE nuclear antigen expression. An octameric DNA sequence present in three of the 18 bp IE enhancer elements (GGACTTTC) resembles the cellular heat-shock element core consensus sequence and may therefore be involved in the heat-shock response.
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SUMMARY
In Rat-9G cells several copies of the major immediate early (IE) transcription unit (regions 1 and 2) of the human cytomegalovirus (HCMV) are stably integrated. The cells show a repressed phenotype for IE expression but can be induced by inhibition of protein synthesis. In this report we present evidence that the repressed phenotype is due to the absence of IE transcription and that heat-shock and sodium arsenite treatments each result in the transcriptional activation of the repressed IE transcription unit. Either treatment resulted in the induction of HCMV IE transcripts and IE nuclear antigen expression. An octameric DNA sequence present in three of the 18 bp IE enhancer elements (GGACTTTC) resembles the cellular heat-shock element core consensus sequence and may therefore be involved in the heat-shock response.
Disease induced by human cytomegalovirus (HCMV) frequently represents infection after reactivation of latent virus and may result in congenital malformation in the newborn and pneumonitis in the immunocompromised host (Jordan, 1983) . During HCMV multiplication, viral gene expression is coordinately and sequentially regulated and can be divided into three main classes : immediate early (IE), early and late genes (DeMarchi, 1981 ; Blanton & Tevethia, 1981; McDonough & Spector, 1983; Wathen & Stinski, 1982) . The RNA species synthesized after infection in the presence of protein synthesis inhibitors are referred to as IE RNAs and are transcribed from restricted areas of the genome (DeMarchi, 1981; Wathen & Stinski, 1982; Jahn et al., 1984; Wilkinson et al., 1984) . Multiple IE RNAs are generated through a complex series of splicing events from the major IE transcription unit, which has been divided into regions l (coding for the most abundant 72K IE protein), 2 and 3 (Stinski et al., 1983 ; Stenberg et al., 1985) . The transcription of both regions 1 and 2 has been shown to be under the same control (Stenberg et al., 1985;  Fig. 1 a) . The upstream regulatory sequence contains several short direct and inverted repeats, extends approximately 500 bp upstream from the transcriptional start site and shows a strong promoter/enhancer activity (Boshart et al., 1985; Stinski & Roehr, 1985; Akrigg et al., 1985) .
To analyse the interaction of HCMV IE genes and cellular factors, a rat cell line (Rat-9G; Boom et aI., 1986) was established in which several copies of the major IE transcription unit (regions 1 and 2) are stably integrated (Fig. 1 a) . Under normal growth conditions Rat-gG cells show a repressed phenotype for IE gene expression as indicated by the absence of IE transcripts in Northern blot analysis and by the absence of IE nuclear fluorescence in more than 99.9% of the cells. Within a few hours after inhibition of protein synthesis, IE transcripts accumulate to high levels and nuclear fluorescence is observed in 10 to 20% of the cells upon reversal of protein synthesis inhibition (Boom et al., 1986) . In order to determine whether protein synthesis inhibition resulted in transcriptional activation of repressed IE genes, nuclear run-on assays 0000-7753 © 1987 SGM (Stenberg et al., 1985; Akrigg et aL, 1985; Boom et al., 1986) relative to the plasmids pES and pEB, which contain the 7-0 kb EcoRI Sail and the 4.8 kb EcoRI-BamHl fragments respectively, cloned at the corresponding sites of pBR328. IE regions 1 (coding for the major 72K IE protein; 1-9 kb mRNA) and 2 are indicated. E, EcoRI; B, BamHl; S, Sail. Wavy lines indicate pBR328 vector DNA; cq IE enhance~promoter region; open box, untranslated leader; black boxes, exons of the major IE mRNA; hatched arrow, downstream exons for which the exact locations have not been defined for HCMV AD169. (b) Activation of the HCMV major IE transcription unit in Rat-9G cells by cycloheximide (CH), tested by a nuclear run-on assay. Linearized plasmids pES (10 kb, 3 ~tg), pEB (8-0 kb, 3 ~tg) and pBR322 (4-4 kb, 8 ~tg) were separated by electrophoresis in a l ~ agarose gel and blotted to nitrocellulose. Filter strips were hybridized with 32P-labelled nuclear RNA isolated from mock-treated cells (lanes 1,2) or from cells incubated for 3 h with 50 ~tg CH/ml medium (lanes 3,4). The experiment was performed in duplicate.
were performed. Nuclei were isolated from mock-treated or cycloheximide-induced Rat-9G cells and incubated for 30 m i n at 30 °C in the presence [32p]UTP essentially as described by Greenberg & Ziff (1983) . The labelled nuclear transcripts were isolated and hybridized to nitrocellulose-bound plasmids pES, pEB and pBR322 (Fig. 1 b) . No hybridization signal was found when R N A isolated from mock-treated cells was used, indicating that IE transcription proceeded either not at all or at a rate too low to be detected. low level of hybridization was observed for pBR322 vector DNA, which presumably resulted from readthrough into vector sequences. From these experiments it can be concluded that the repressed phenotype for IE expression observed under normal growth conditions is due to repression of IE transcription.
Hyperthermia is known to result in the transcriptional activation of cellular heat-shock genes (Pelham, 1985; Ashburner & Bonner, 1979; Burdon, 1986) and to stimulate HCMV replication at an early stage (Zerbini et al., 1986) . To analyse the effect of heat-shock on IE nuclear antigen expression, Rat-9G cells were incubated for increasing times at 42 °C, fixed 24 h later and screened for IE nuclear antigen expression by immunofluorescence with the E3 monoclonal antibody (MAb) which is directed against the major 72K IE protein (Goldstein et al., 1982; Stinski et al., 1983; Boom et al., 1986) . The number of cells expressing the major IE antigen is proportional to the duration of the heat-shock up to 12 to 15 rain, when maximum expression levels were obtained. Mock-treated cells did not show enhanced expression levels (less than 0.1 ~o; Fig. 2a and Fig. 3 ). The number of cells expressing IE antigen reached a maximum 8 h after heat-shock and slowly declined thereafter (Fig. 2b) . Enhanced levels of IE-expressing cells (approximately 3 to 5 ~) were still observed 1 week after heat-shock. The maximum number of IE-expressing cells varied between experiments from 50 to 80~. Heat-shock treatment of Rat-2-TK-cells (Topp, 1981 ) (the parental cell line for Rat-9G cells) did not result in nuclear fluorescence, excluding the possibility that cellular heat-shock gene products were detected in the assay (Fig. 3) . The enhanced expression observed upon heat-shock was not due to modification of the growth medium, as no induction was observed when Rat-9G cells were grown in medium previously treated at 42 °C (data not shown).
Another inducer of cellular heat-shock genes is sodium arsenite (Ashburner & Bonner, 1979) . To analyse its effect on the expression of the repressed HCMV genes in Rat-9G cells, the cells were incubated for 2 h in the presence of 200 laM-sodium arsenite and tested for IE expression with MAb E3 24 h after treatment. As can be seen in Fig. 3 , arsenite treatment resulted in expression levels comparable to those obtained after heat-shock (up to 70~o of the cells). Short communication To analyse the effect of heat-shock on the steady-state levels of the induced H C M V IE RNAs, cytoplasmic R N A was isolated (Clemens, 1984) at various times after heat-shock and analysed by Northern blotting as described previously (Boom et al., 1986) . As can be seen in Fig. 4 , heatshock resulted in the rapid appearance of the 2.1 and 1.9 kb IE transcripts which were present in approximately equal abundance 3 h after the shock. Whereas the steady-state level of 1.9 kb m R N A was relatively constant (Fig. 4, lanes 3 and 5) , the 2.1 kb m R N A was rapidly degraded indicating that the activation was transient. When the cells were induced with sodium arsenite the same transcripts were detected with similar kinetics (data not shown).
Upon viral infection of human cells a major IE transcript of 1.9 kb (derived from region 1 coding for the 72K major IE protein, detected by MAb E3) and a less abundant 2.1 kb m R N A (derived from region 2) are transcribed from the 7.0 kb EcoRI-SalI fragment present in Rat-9G cells (Fig. I a; Wilkinson et al., 1984) . The synthesis of both transcripts is under IE enchancerpromoter control, upstream of region 1 (Stenberg et al., 1985) . The coordinate induction of both transcripts by each of the inducing stimuli in Rat-9G cells is in agreement with these RNAs were separated by electrophoresis in a 1 ~ agarose formaldehyde gel, blotted to nitrocellulose, and probed with the 32p-labelled 7.0 kb EcoRI-SalI fragment isolated from pES as described previously (Boom et al., 1986) . Fragment sizes (kb) are shown on the right.
observations and suggests that heat-shock activation is mediated by D N A sequences in the IE upstream region. Induction of cellular heat-shock genes is mediated by heat-shock elements in their upstream regulatory sequence. A considerable homology to the heat-shock element core consensus sequence ( G A A --T T C ; Pelham, 1985) is found within the four 18 bp elements in the IE enhancer. Complete homology to a soybean heat-shock protein 17 heat-shock element ( G G A C T T T C ; Sch6ttt et al., 1984) is found in an octameric sequence present in three of the 18 bp elements. Although a role for induced heat-shock proteins in the activation of the H C M V IE gene by heat-shock and arsenite cannot be excluded, heat-shock genes and the integrated H C M V IE gene seem to respond to common stimuli. Expression of the IE genes of herpes simplex virus and adenovirus have been reported to result in the activation of heat-shock genes (Nevins, 1982; Notarianni & Preston, 1982) . A
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Short communication common control of early adenovirus genes and heat-shock genes has been suggested, although the viral genes were not inducible by heat-shock (Imperiale et al., 1984). Our observation that heat-shock treatment results in the activation of a eukaryotic viral gene is, to our knowledge, unprecedented.
In conclusion, we have presented evidence that the IE transcription unit in Rat-9G cells is repressed at the transcriptional level but can be activated by heat-shock, sodium arsenite treatment and by inhibition of protein synthesis. Previously we have suggested that Rat-9G cells might provide a model to study HCMV latency and reactivation in vitro. The proposal is based on the assumption that the ]E transcription unit is repressed during latency and that activation of IE transcription is the first event in reactivation. The data presented indicate that latent HCMV may be reactivated in times of cellular distress.
